Cypermethrin administration significantly enhanced the activities of enzymatic antioxidants (superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) glutathione reductase (GR) and glutathione-Stransferase (GST). Cypermethrin intoxication exhibited elevation in the activities of liver marker enzymes such as serum glutamate pyruvate transaminase (SGPT) serum glutamate oxaloacetate transaminase (SGOT) and Lactate dehydrogenase (LDH
I. Introduction
The widespread use of pesticides worldwide for public health protection and agricultural pest control has resulted in severe environmental pollution and health hazards. Currently, India is the largest producer of pesticides in Asia and ranks twelfth in the world for the use of pesticides. A vast majority of Indian population is engaged in agriculture as cultivators, farm owners and laborers. Pesticide poisoning has become a major reason of morbidity and mortality in developing countries. Recent extrapolations of data from developing countries suggest that pesticide poisoning causes more deaths than infectious diseases [1] [2] [3] . People are directly exposed to pesticides through dermal contact and inhalation and indirectly through the food chain. The pyrethroids represents a group of synthetic insecticides constituting >30% of insecticide used worldwide [4, 5] in agricultural, domestic and veterinary applications [6] . In recent years, they have gained popularity due to their high efficacy against target species, their relatively low mammalian toxicity and rapid biodegradability. Cypermethrin, a type II pyrethroid, is being extensively used for the pest management and animal husbandry practices [7] . Cypermethrin is metabolized in the liver via hydrolytic ester cleavage and oxidative pathways by the cytochrome P-450 enzymes forming cyanohydrins that decompose further to cyanides and aldehydes [8] . These substances induce free radical generation which are responsible for increasing oxidative stress in mammals [9, 10] . Previous studies have revealed lipid peroxidation as one of the molecular mechanisms involved in pesticide-induced toxicity in rats [11] [12] [13] [14] . Cypermethrin intoxication prolongs the opening of voltage-sensitive sodium channels causing hypo-polarization and hyper-excitation of the neurons and induces neurotoxicity [15] [16] [17] .
Nature produces an array of antioxidants which prevents the production of free radicals and protect against oxidative damage induced by various pesticides. Recently, melatonin (N-acetyl-5-methoxytryptamine), a major secretory product of the pineal gland, has been shown to be an effective antioxidant and free radical scavenger [18] [19] [20] [21] [22] . Because of its small size and lipophilicity, melatonin crosses biological membranes easily, thus, reaching all compartments of the cell. Numerous reports have documented protective actions of melatonin in various models of oxidative stress due to its high efficacy as a free radical scavenger and indirect antioxidant [18, [23] [24] [25] [26] [27] [28] [29] . Previous studies revealed that melatonin stimulates a host of antioxidative enzymes and protect the cells against oxidative damage induced by pesticide toxicity in rats. To date, there are no available data investigating the antioxidant potency of melatonin against cypermethrin induced toxicity in rats. Thus, present investigation was undertaken to further explore the possible ameliorative role of melatonin against oxidative damage induced by cypermethrin in female Wistar rats.
II.
Material And Methods
Chemicals:
All the chemicals used in this study were of analytical grade and were purchased from Sigma, St. Louis, USA and Sisco Research Laboratory (SRL), Mumbai, India. Technical-grade cypermethrin was obtained as a gift from Rallis India Ltd.
2.2
Experimental animals and study design: Female Wistar rats, weighing 150-200 grams were procured from Central Animal House of Panjab University, Chandigarh. Animals were housed in plastic cages, fed a standard laboratory diet and water ad libitum, exposed to a 12 h light/dark cycle. Animals were allowed to acclimatize in the laboratory environment for 10 days before start of treatments. The protocols were approved by Animal Ethics Committee of Panjab University, Chandigarh. The animals were randomly divided into 4 groups, each comprising of six animals and orally administered the respective doses using corn oil as a vehicle. o C to remove the cell debris and the post mitochondrial supernatant (PMS) obtained was then used for enzymatic assays.
2.3
Biochemical Measurements 2.3.1 Estimation of Proteins: The protein content in liver homogenate were quantified by the method of Lowry et al. [30] , using bovine serum albumin (BSA) as a standard.
3.2.2
Phospholipids Content: Phospholipids were estimated by the method of Barlett as modified by Marinetti [31] . The organic phosphorus is converted to inorganic phosphorus by digesting with perchloric acid. When this acid hydrolysate is treated with molybedate, it forms phosphomolybidic acid with inorganic phosphorus. The phosphomolybedate formed is reduced by the addition of 1,2,4-aminonapthol sulphonic acid(ANSA) to give a blue color, whose intensity is proportional to the amount of inorganic phosphorus.
2.3.3
Cholesterol Content: Cholesterol was estimated in the liver homogenate according to the method of Zlatkis et al. [32] . The reaction involves initial dehydration of cholesterol to 3,5-cholestadiene which react with FeCl 3 -H 2 SO 4 to form a colored complex, intensity of which was measured colorimetrically at 540 nm.
2.3.4
Total lipids: Total lipids were determined by the method of Fringes and Dunn [33] in which color was developed by phosphovanillin in the presence of conc. H 2 SO 4 and the absorbance was measured at 540 nm.
2.3.5
Measurement of lipid peroxidation: As an index of lipid peroxidation, MDA level was determined in the liver homogenate by the method of Draper and Hadley [34] . This procedure was based on the formation of a pink chromophore, at 532 nm, following the reaction of thiobarbituric acid (TBA) with degradation products of peroxidized lipids, releasing malondialdehyde (MDA). TBA-MDA chromophore has been taken as an index of lipid peroxidation. Lipid peroxidation was calculated using molar extinction coefficient of MDA (1.56 x 10 5 M -1 cm -1 ) at 532 nm.
2.3.6
Measurement of reduced glutathione (GSH) content: GSH content were quantified in liver homogenate using 5, 5'-dithiobis-2-nitrobenzoicacid (DNTB) as the complexing agent [35] . This method is based on reduction of DNTB by free -SH groups to form a yellow colored complex, 2-nitro-5-mercaptobenzoic acid. The glutathione contents were expressed as nmoles of GSH/mg protein using the molar extinction coefficient of GSH (13.6x10 6 M -1 cm -1 ) at 412nm.
Enzymatic Assay 2.4.1
Liver marker enzymes: Serum glutamate pyruvate transaminase (SGPT), serum glutamate oxaloacetate transaminase (SGOT), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) enzymes were assayed in the serum using a commercially available spectrophotometric enzymatic kit and analyzed on semi-autoanalyzer.
2.4.2
Catalase (CAT) activity: CAT activity was spectrophotometrically measured by the rate of decomposition of H 2 O 2 by Catalase [36] . CAT activity was expressed as µmoles of H 2 O 2 decomposed /min/mg protein.
2.4.3
Superoxide Dismutase (SOD) activity: SOD activity was assayed by a method based on generation of superoxide anions by the oxidation of hydroxylamine hydrochloride [37] . The reduction of nitro blue tetrazolium (NBT) to blue formazon by superoxide anions was measured at 560 nm under aerobic conditions. SOD activity was expressed as U/mg protein.
2.4.4
Glutathione-S-transferase (GST) activity: GST activity was assayed by a standard procedure [38] using 1-chloro-2,4-dinitrobenzene (CDNB) as a substrate which absorb maximum at 340 nm and have an extinction coefficient of 9.6 mM -1 cm -1 .
2.4.5
Glutathione peroxidase (GPx) activity: GPx activity was measured by the modified method of Paglia and Valentine [39] . GPx catalyzes the oxidation of glutathione by cumene hydroperoxide. In the presence of glutathione reductase and NADPH, the oxidized glutathione is immediately converted to the reduced form with a concomitant oxidation of NADPH to NADP + . The decrease in absorbance of NADPH was measured at 340 nm wavelength. GPx activity was expressed as nmol NADPH oxidized/min/mg protein.
2.4.6
Glutathione reductase (GR) activity: GR activity was determined by following the oxidation of NADPH to NADP during the reduction of oxidized glutathione [40] . GR activity was expressed as nmol of NADPH oxidized/min/mg protein.
2.5
Histopathology of Liver: The liver tissues were isolated from all the experimental rats and were gently rinsed with physiological saline solution (0.9% NaCl) to remove blood and debris adhering to the tissue. The liver samples were fixed in 10% buffered formalin, processed through graded alcohols and xylene and embedded in paraffin blocks. Tissue sections were cut at 5 µm at multiple levels and stained with haematoxylin and counter stained with eosin (dissolved in 95% alcohol). After dehydration and clearing, DPX mounted slides were examined and observed under photomicroscope.
2.6
Statistical Analysis: The data are expressed as Mean±Standard Deviation (SD). Differences among experimental groups were calculated by using one-way analysis of variance (ANOVA). In all experiments, p<0.05 was considered statistically significant. The data were analyzed by using SPSS for Windows version 16.
III. Results

Evaluation of body and organ weight:
During the 4 weeks of treatment, none of the animals in any experimental group died. Also the animals were observed daily and gross visual observations of rats of CM treated rats showed reduced physical activity as compared to control, MEL and CM+MEL treated groups. There was a significant decrease in body weight of animals treated with cypermethrin alone as compared to control, MEL and CM+MEL treated groups. Significant loss in the body weight of CM treated rats was observed when compared with the Control groups (Fig. 1) . No significant change was observed in the liver weight of rats treated with cypermethrin. However a significant decrease in the relative liver weight of animals treated with cypermethrin was observed as compared to control group (p<0.05).
3.2
Effect of cypermethrin toxicity on biochemical parameters: The effect of in vivo administration of cypermethrin and melatonin on biochemical parameters are given in the Table 1 . Cypermethrin exposure caused a significant decline in protein content and elevation in phospholipids, cholesterol and total lipids, when compared with the control group. Although melatonin supplementation significantly raised the amount of proteins in CM+MEL treated group. But no significant change was observed in lipids levels when compared with control group 
Lipid Peroxidation:
The effect of in vivo administration of cypermethrin on lipid peroxidation in liver is shown in Fig. 2 . Exposure of animals with cypermethrin resulted in a significant increase in MDA level compared to control animals (p<0.05). A significant decrease in the LPO was observed when animals were supplemented with melatonin along with cypermethrin, compared to cypermethrin treated group. The treatment with melatonin was more effective in terms of reducing lipid peroxidation and the oxidative damage induced by cypermethrin.
3.4
Glutathione Content: The effect of in vivo administration of cypermethrin on glutathione level in liver homogenate of experimental groups is given in Fig. 3 . Comparing with the control group, a significant depletion in GSH level was observed in cypermethrin treated rats (p<0.05). However, melatonin supplementation along with cypermethrin significantly raised the GSH level in CM+MEL group rats when compared with CM treated rats. 
# Significantly different from melatonin treated group (P<0.05). $ Significantly different from cypermethrin treated group (p<0.05).
These results indicate that cypermethrin intoxication lower the GSH level and administration of melatonin along with cypermethrin showed recovery in their GSH content as compared to cypermethrin treated group.
Liver Marker Enzymes:
The effect of melatonin supplementation on liver marker enzymes in the serum level of liver marker enzymes in cypermethrin treated female Wister rats is shown in Table 2 . Cypermethrin intoxication resulted in a significant increase in the levels of SGOT and SGPT, which were reduced to near normal values in the CM+MEL treated group, when compared with control group. In contrast to this, there was a significant decrease in the ALP activity in cypermethrin treated rats as compared to controls. Furthermore, cypermethrin exposure resulted a significant increase in LDH level as compared to control. No significant difference was observed in control and MEL groups. However, supplementation of melatonin to CM intoxicated rats showed decrease in LDH level when compared with CM treated rats.
3.6
Antioxidant Defense Enzymes: Fig. 4 (a-b) shows the effect of in vivo administration of melatonin on antioxidant enzymes in all the experimental rats. There was significant elevation in the activities of GST in CM treated group as compared to control or melatonin treated rats. A similar trend was observed in the activities of antioxidant enzymes, CAT, SOD and GR. However, significant recovery in antioxidant enzymes was observed in CM+MEL treated rats. Opposite to this, a significant decrease in GPx activity was observed in cypermethrin treated rats as compared to control group and but melatonin supplementation in CM+MEL treated group shows normal values for GPx. 
Fig. 4 (a): Effect of in vivo
3.7
Histoarchitecture Examinations of Liver: Fig. 5 (A-D) shows the effect of in vivo administration of cypermethrin on histopathology of liver in experimental rats. Marked hepatocytes degeneration and presence of hepatocytes in intralobular vein, cytoplasmic and nuclear vacuolization, necrosis and karyorrhexis was observed in the liver of CM exposed rats as compared to the normal histopathological examination of liver tissue of control as well as melatonin treated groups. However, histopathology of liver of CM+MEL treated animals showed significant recovery of the damage induced by cypermethrin when compared with CM treated rats. 
IV. Discussion
Free radicals are fundamental to any biochemical process and are continuously produced in the body. Exposure to pesticides caused generation of reactive oxygen species (ROS) which induces oxidative stress and alterations in antioxidant defense mechanisms [14] . The cells have many ways to alleviate the deleterious effects of oxidative stress, either by repairing the damage or by directly diminishing the occurrence of oxidative damage by means of enzymatic and non-enzymatic antioxidants. These include vitamins, dietary flavonoids, melatonin, α-lipoic acid etc. However, amounts of these protective devices present under normal physiological conditions are solely sufficient only to cope with the normal threshold of physiological rate of free-radical generation. Therefore, any additional burden of free radicals, either from an indigenous or exogenous source leads to the oxidative imbalance leading to oxidative stress [41] . So the present study was planned to investigate the action of melatonin against cypermethrin induced hepatotoxicity in rats. The significant differences in the body weight of cypermethrin treated rats and control reflects the deleterious effects of cypermethrin. Similar observations were reported in previous studies [14, [42] [43] [44] . However, concomitant use of melatonin attenuated the body and liver weight on cypermethrin intoxicated rats. This suggests that melatonin plays a protective role against cypermethrin induced toxicity in rats.
Liver plays a major role in the detoxification of xenobiotics, protein synthesis, and regulation of cell functioning. Disturbed liver homeostasis under oxidative imbalance is sufficient to alter the normal physiological functioning of any organism [45] . Our findings suggest that cypermethrin intoxication strongly disrupt normal hepatic function in rats. Decrease in total protein observed in cypermethrin intoxicated rats may be associated with the decrease in the number of hepatocytes, which in turn may result in the decreased hepatic capacity to synthesize proteins and consequently decreased liver weight as observed in this study.
The impaired activities of liver marker enzymes such as SGOT, SGPT and ALP are directly implicated in the extent of hepatic damage induced by toxic compounds. The elevated levels of SGOT, SGPT and LDH enzymes in cypermethrin intoxicated rats, as observed in the present study, may be attributed to the disturbed structural integrity of the liver. SGOT and SGPT are sensitive inductors of hepatocellular damage under oxidative stress caused by xenobiotics compounds [46] . The reduced hepatic ALP may be a consequence of cell membrane damage induced by cypermethrin intoxication. Elevation in LDH activity indicates cell lysis and death.
The perturbed lipid composition i.e. total lipids, cholesterol and phospholipids in cypermethrin treated rats may be due to the increased lipogenesis, which reflects abnormal carbohydrate metabolism. Lipid peroxidation and altered lipid composition are known to disturb structural integrity of the membrane that might in turn affect the activity of enzymes of metabolic processes in hepatic tissues. The protein depletion in cypermethrin intoxicated rats may be due to the lysis of structural proteins as evident from the histopathology of liver [46] . Recovery of protein content in melatonin supplemented rats may be due to the strong antioxidant properties of melatonin which completely normalize the liver functions in the experimental groups. Melatonin has been shown to be an efficient protector of DNA, proteins and lipids in cellular membrane [47, 48] .
The toxic manifestations induced by various pesticides may be associated with enhanced production of free radicals. Measuring the extent of lipid peroxidation indirectly reflects the degree to which cell membranes are damaged by free radicals. The increase in extent of lipid peroxidation in the present study could possibly be due to the generation of free radicals following cypermethrin exposure. However, co-administration of melatonin resulted in a significant reduction in lipid peroxidation in hepatic tissues of cypermethrin treated rats. This may be due to the potency of melatonin to scavenge the free radicals which are generated during the oxidation of unsaturated lipids and lead to the propagation of lipid peroxidation [49] [50] [51] . Recent investigations reported that cypermethrin induces lipid peroxidation and oxidative stress in hepatic tissue [44, [52] [53] [54] . This suggests that increased lipid production may be one of the molecular mechanisms involved in the cypermethrin induced hepatotoxicity in rats.
Several pharmacological strategies have been used to reduce the production of reactive oxygen species with the intent of lowering pesticide toxicity. Glutathione is considered to be an important cellular antioxidant which has various biological functions, one of which is scavenging of ROS, free radicals, and reactive metabolites [55] . It possess highly reactive sulfhydryl (-SH) group, which like other thiols, acts nonenzymatically as a free radical acceptor to counteract oxidative damage. The decline in the levels of glutathione in the present study might be due to increased utilization of GSH for conjugation and or participation of GSH as an antioxidant in terminating the free radicals produced by cypermethrin induced toxicity. Various OPIs have been reported to decrease the GSH level both in vivo and in vitro in rats [14, 56] . It has been reported that GSH play an important role in protecting cells from xenobiotics induced tissue injury [55, 57] . Simultaneous administration of melatonin resulted in marked protection against cypermethrin induced hepatotoxicity as evidenced by the reversal of lipid peroxidation and glutathione depletion. This may be due to the higher efficacy of melatonin in scavenging various free radicals [58] .
Enzymatic antioxidants such as SOD, CAT, GST, GPx and GR have been shown to scavenge free radicals and ROS. In the current study, Increase in the activities of these antioxidant enzymes in the hepatic tissue of cypermethrin intoxicated rats was probably a response towards increased ROS generation. Furthermore, it has been reported that the mRNA levels for the genes encoding antioxidant proteins, such as GPx and SOD are also up regulated significantly in cypermethrin treated mice [52] . Similarly, generation of free radicals following cypermethrin treatment up-regulated the CAT activity, as observed in the present study. Coadministration of melatonin markedly attenuated oxidative stress induced by cypermethrin and maintains the SOD, CAT, GST, GR and GPx activities in hepatic tissues, indicating controlled generation of H 2 O 2 or its scavenging directly by melatonin, as observed in a previous study [59] . This effect might result in reduced accumulation of lipid and protein oxidation products and hence ameliorate oxidative stress [21] . The activity of antioxidant enzymes, maintained within controlled level by co-administration of melatonin, indicating the potent role of melatonin as an antioxidant [60] . These actions of melatonin may be related to its ability to limit oxidative stress and DNA damage [61] . These observations assert the hypothesis that the production of oxidative damage is one of the principal mechanisms involved in cypermethrin toxicity and melatonin play a pivotal role in the prevention of oxidative damage induced by cypermethrin. Recent studies revealed the protective role of melatonin against the oxidative damage induced by radiations [60, 62] and other xenobiotics compounds [63, 64] .
Present study results revealed that subchronic administration of cypermethrin resulted in histopathological alterations in rat liver. These changes may be attributed to increased peroxidation of polyunsaturated fatty acids. Previous studies have suggested that cypermethrin induces histopathological changes in liver [46, 65] . These changes are possibly due to oxidative stress induced by cypermethrin toxicity. However, co-administration of melatonin resulted in normalization of liver tissue.
V.
Conclusion:
The present investigations demonstrate that in vivo administration of cypermethrin induces oxidative stress that results in the induction of LPO, depletion of GSH content alteration in activities of liver marker enzymes and antioxidant defence enzymes, suggesting that ROS may be involved in the toxic effects of cypermethrin. The changes in the cholesterol and phospholipids contents may be responsible for higher lipid peroxidation. However, supplementation of melatonin restored the biochemical and morphological alterations in hepatic tissue induced by cypermethrin intoxication. Thus, present investigation suggests that melatonin is a potent antioxidant against cypermethrin induced toxicity in rats.
